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Kilauea Airborne Science Campaigns
Jan — March 2017, Jan — Feb 2018

MODIS/ASTER Airborne
Simulator (MASTER) TIR
Observations to Map SO,
Emissions at Summit of
Kilauea

Airborne Visible-Infrared
Imaging Spectrometer
AAAIRUSIRVASIAA LR
Observations to Map
Changes in Optical
Depth Related to SO,
Aerosols

In 2018 - Hyperspectral
Thermal Emission
Spectrometer (HyTES)
to Map SO, and SO,

Aerosols
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Kilauea Summit: Location Map

Hawaiian Volcano
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HyTES Deployment in
2018 Enables Unique
|dentification of Plume

Components

Sulfur Dioxide

MASTER Resolution

« Spectra of SO, and SO,
are Similar

BT Difference (K)

—— HyTES Resolution
—— MASTER Resolution

 Broad Absorption
Centered near
8.7 um

Sulfate Aerosol

HyTES Resolution

« Resolves “Doublet” in
SO, Spectrum

« Detect SO, Absorption
Features at 10 and
11 um
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HyTES Brightness
Temperature Difference
Spectra
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Kilauea Volcano Spectrum A:
2018-01-18 | 1.2 km from
21:15 UTC (11:15 HST) B L,
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Spectrum B:
10.5 km
from vent
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» Imaging Spectroscopy: Fine spectral resolution of HyTES (0.02 pm) enables
unique identification of SO,

» Spectrum A indicates stronger SO, absorption than Spectrum B

* Absence of SO, Spectral Features - Decrease in SO, result of dispersion, rather
then conversion of SO, gas to SO, aerosols (conversion rate of ~8% /hr)



Optimal Estimation for Iterative Fitting
of Surface and Atmospheric Spectra

Combined Parametric Models for Surface,
Atmosphere, and Instrument Properties

Makes optimal, weighted use of a priori
knowledge of instrument and domain

» Tropical Atmospheric Temperature/Humidity
Profiles

» Scattering Aerosol Model
« Surface Reflectance Sampled In-Scene

._‘1 -

AVIRIS-C f170127t01p00r16
(subset, visible bands)

Combined estimate of H,O vapor, AOD,
surface reflectance and temperature

Down-wind Changes in AOD are Proxies
for Formation of SO, Aerosols

Aerosol Optical Depth at 550 nm

Hot crater =5

Aerosol Optical Depth Uncertainty ™" '



Summit - Lower East Rift Zone - Fissures open in Leilani Estates on May 3

(LERZ) Eruption « SO, emission rates in excess of 15,000 t/d
I S T—— * Ash eruptions at Summit began May 15

» Ash plumes heights up to 10 km
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Towards an “Autonomous” Implementation of
TIR-Based Retrieval Procedures for Terra, Aqua,
SNPP, NOAA-20, ECOSTRESS, and SBG...

Plume Tracker Interactive Analysis Tool

« Radiative Transfer (RT) - Based Retrieval
Procedures for Surface Temperature and Gas
Concentration

 RT Processing is Computationally-Expensive

Autonomous Procedures Should Integrate
Plumes Detection with Retrieval Algorithms



Surface Emissivity is a Confounding
Factor for SO, Detection

Solid Lines: Forward model spectra
generated for SO,-free atmospheric profiles
over simulated surface compositions of (a)
quartz sandstone, (b) pahoehoe lava from
Kilauea Volcano, and (c) gypsum

Dashed Lines: Attempts to fit the model
spectra with Blackbody spectra (€ = 1)
Accurate temperature estimates, but large
misfit in Channels affected by SO, absorption

Broken Lines: SO, introduced as a free
parameter to improve fit, with the penalty of
false, or apparent, SO, detections.

The false detections are largest for (a) quartz
sandstone and (c) gypsum, due to the
overlap between emissivity minima and SO,
absorption

As a rule, the assumption of blackbody
emissivity for exposed (non-vegetated)
surfaces will lead to false detections of SO,
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(a) Quartz Sandstone

Apparent SO,:
12.13 ppm-v

Apparent SO,:
12.72 ppm-v
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Plume Detections Improve with
Corrections for Surface
Emissivity and Atmospheric
Effects
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(a) Brightness Temperature Difference
(BTD) in ASTER Channel 11

Plume is delineated by BTD of -12 K or
larger a2
Emissivity effects result in BTD as large BTD (I T P

Brightness Temperature Difference (K)

Relative Frequency (%)

as -6 K outside of the plume. The
histogram shows an offset of -2 K

(b) BTD following a correction for surface
emissivity

Emissivity effects have been suppressed,
but the BTD remains non-zero outside of
the plume

The histogram again shows an offset of -
2K

Relative Frequency (%)

2 -4 6 8 -10
Brightness Temperature Difference (K)

(c) Misfit map resulting from Plume
Tracker-based retrievals of surface
temperature, which take the emissivity
and atmospheric effects into account
Plume is delineated by the highest misfit
(= 1.0), and the misfit approaches zero )
outside of the plume . ‘ Wei(;:Ited Spectra:f\ngle {WSA):isfit
The histogram shows no offset, and over

90% of the misfit values are less than 0.5

Relative Frequency (%)




Bardarbunga Volcano (Iceland), 5 September 2014

(a) Surface \ o (4 (b) Temperature . *:ﬁ. e (c) Cloud
Temperature ’ 3, Retrieval NG el 3 - Mask
Map s il | Misfit Map i

Misfit

00 0.00375 0.0075 0.0113 0015

(d) Cloud- 0 A ICEY L Ae dé 1l (Filtered
Masked : " J Column | " ' SO, Column
Misfit Map : ) Density Map - Density Map

SO2 Column Density (g/m2) SO2 Column Density (g/m2)

a) Surface temperature estimation does not consider d) Combination of cloud mask and misfit map improves
volcanic plumes or meteorological (met) clouds the discrimination of volcanic plumes

b) Misfit map shows the locations of plumes e) Estimation of SO, column density is confined to the
(red oval) and met clouds locations, or pixels, identified by the masked misfit map

c) Met clouds are identified by comparing surface f) SO, map is filtered to minimize the “holes”

temperature with air temperature at plume altitude corresponding to the locations of met clouds.



New Retrieval Procedure

Successful

» Moderate to High SO,
Concentrations

 Plume Altitude > 3 km ASL

e Arctic Atmospheric
Environment
(Atmosphere is Cool and Dry)
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What About Low-lying Plumes in
Tropical Environments?

(b) VIIRS-VMAE ’ of 7|
Total Masg: S 7 OMPS (UV) and VIIRS (TIR) Collocated
WA 2R on S-NPP and NOAA-20 Platforms

Contemporaneous Retrievals of Total SO,

& 25 665 i Mass from S-NPP are in Excellent

10 70 130 190 250 (gm?) Agreement (149.5 vs. 150 kilotonnes)




Kilauea LEHZ Flssure 20 - 22 May 2013 00 22-00 41 UTC x10'®
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SO, Column (g/m?
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SO, Column (g/m?)
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Kilauea LERZ Fissure 20 22 May 2018 00:22- 00 41 UTC x10'®
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Hawaii Simulated Data Presentations
it J Realmute Dashboard Preferences Logout
Hawaii

HyspIRI-Hawaii
Volcanology Website 2018 HyspIRI Hawaii Campaign

odi ( PM — His

h ttpS 0 //VO I Ca n 0 | Ogy_ yspIRI Hawaii campaign will focus on five investigation areas on active vents on Kilauea volcano. The image below shows the Halemaumau crater at the

mmit caldera with ¢ ] p to 2500 metric tones per day The imag he Puu Oo Vent and southeast Rift Zone of

hyspiri.jpl.nasa.gov mssrsanse

Links to Archived
AVIRIS, MASTER, and
HyTES Data

metric tonnes/day since 2008

Puu Oo Vent and Southeast Rift Zone
S02 emissions and episodic surface

Repository for High- e R
Level Data Products
(e.g., radiosonde)

Five focus areas: (click on focus area for details)

LI n kS to Cu rrent PI : g Ba gthe Links between Vegetation Health and Extent and Vol and Thermal Emi
Investigations

on Air

Howard Tan llected the Radiosond unding data for the Hawaii Campaign. The dat mposed of the following files available as a complete zip file:
1. KML — Google Earth Path of the radiosonde
2 modtranByHeight — simple modtran input file. 10m height inte
WL nt levels for Temperatur, tive Humidity, and Wind speediDirection
Summary file

. TimelntFull — soundings by cond time intervals




Thank You for
Your Attention.
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